The research results may be used for the acoustical design of restaurants and 7 other rooms for social gathering.
117
see Figure 1 . He was the first one to observe and report that persons with normal hearing raised their
118
voice when subjected to noise [22] . However, the Lombard effect is not particular for humans, but 
122
The Lombard effect starts at a noise level around 45 dB and a speech level of 55 dB [6, 7] . In more 
where LN,A is the A-weighted SPL and c is the Lombard slope. The frequency spectrum of speech 127 depends on the vocal effort [24] . As seen in Figure 2 , the spectrum becomes more dominated by high 128 frequencies when vocal effort increases.
the other voices are suppressed as background noise.
139
This so-called "cocktail party effect" was first reported 1953 by Cherry [25] as a result of
140
laboratory experiments. The test subjects had two different messages applied to the two ears through 141 headphones, and he reported no difficulty in listening to either speech at will and "rejecting" the 142 unwanted one. The phenomenon was further analyzed by MacLean [11] . An overview of later 143 research in the cocktail party effect is found in the review paper by Bronkhorst [9] . 
146
A calculation model for the ambient noise level was derived by Rindel [13] 
where A is the equivalent absorption area (in m 2 ) and NS is the number of simultaneously speaking
154
persons. This is shown in Figure 3 
157
consequence of formula 2 is that the ambient noise level increases by 6 dB for each doubling of
158
number of individuals present. The same result was found by Gardner [8] . 
177
With the suggested prediction model (formula 2) it is possible to calculate the expected noise
178
level from the volume, reverberation time and number of people gathered in the room. The
179
uncertainty is mainly related to the group size, and from the cases that have been studied it appears
180
that a group size of 3 to 4 is typical for most eating establishments and a value of g = 3.5 is
181
recommended for the noise prediction in restaurants.
182
The accuracy of the prediction depends on how close the assumed group size is to the actual 
192
The signal-to noise ratio is not influenced by the Lombard effect, because we can assume that on 
where Q is the directivity of a speaking person (Q = 2 is assumed in front of the mouth). This formula 
204
For the evaluation of the acoustics, we can apply the quality of verbal communication, which is 205 related to SNR, see Lazarus [6] . Thus a SNR between 3 dB and 9 dB is characterized as "good", the 
231
In some cases the space is highly irregular and volume is not well defined. Then it may be 232 necessary to replace the simple prediction (Formula 2) by a computer simulation. Instead of 233 assumptions of the room volume and reverberation time, the room geometry is modelled and 234 appropriate absorption data are assigned to the surfaces according to the materials.
235
The relation between the sound power level of a point source and the SPL in a receiver point is 
244
Assuming a certain number of people and a group size (e.g. 3.5), the ambient noise can be calculated.
245
For further details about this method are found in [27]. at the welcome party to be between 500 and 1000, the SPL would have been around 82 dB to 85 dB, 283 see Table 4 . 
297
The number of seats in the three halls was 480, 530 and 360, respectively. Hall A was a very long,
298
wide corridor with ceiling height 3.6 m. The surfaces are stone, concrete and glass and the mid- 
303
Photos from the latter is seen in Figure 8 .
304
The sound was monitored between 19:00 and 22:00, using three measurement positions under 305 the ceiling in each hall. During the first half hour, the noise increases significantly (15 dB to 20 dB)
306
but after that the level is relatively stable for several hours. An example from Hall C is seen in Figure   307 9. The results in Table 5 
323
Sufficient quality of verbal communication requires that the ambient noise level is no more than 324 71 dB, which means that the average SNR in a distance of 1 m is at least -3 dB, see 
369
Foreground music is played at higher levels than background music, and is meant to be noticed
370
and enjoyed as entertainment [28] . The audience is not supposed to talk during the music.
In a restaurant or at a social gathering the music contributes to the ambient noise level, which 373 means an increase of vocal effort in conversations. Thus, the Lombard effect applies to the total noise 374 level due to music and speech. Solving the problem leads to the following equation for the total noise
where the average SPL of the music is 10 lg(EM) and the SPL of ambient noise from speech without 377 music is 10 lg(EN). The latter is the SPL given in eq. (2). From this result, it is straightforward to 378 estimate the vocal effort (1) and the SNR with background music or other background noise. 
The requirement must be related to the volume per person, which means that it is necessary to 401 know the maximum number of seats in the room. In some cases this maximum number has to be 402 accepted by the fire authorities, and an emergency escape plan that states the allowed maximum 
